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DE'/ICE STRUCTURE AND METHOD FOR REDUCING SIUCIDE 

ENCROACHMENT 

BACKGROU ND OF THE INVENTION 

1. FIELD OF THE INVENTTON 

The present invention relates to the field of semiconductor device 
fabrication, and more specifically to a method and structure for reducing 
silicide encroachment in an integrated circuit. 

2. DTSrUSSTQN OF RELATED ART 

Today integrated circuits are made up of hterally millions of active and 
passive devices such as transistors, capacitors, and resistors. In order to 
improve device performance, low resistance silidde layers are generally 
formed on electrodes such as gate electrodes and on doped regions such as 
source/drain regions. 

For example. Figure lA is an illustration of a portion of a 
complementary metal oxide semiconductor (CMOS) integrated circuit. 
Integrated circuit 100 includes a PMOS transistor 102 and an NMOS transistor 
104 separated by an isolation region 103. NMOS and PMOS transistor 102 and 
104 each include a pair of source/drain regions 106, a polysilicon gate 
electrode 107, and a gate dielectric layer 101. Insulative sidewall spacers 108 
are formed along opposite sidewalls of gate electrode 107 as shown in Figure 
lA. In order to decrease the resistance of gate electrode 107 and source/drain 
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regions 106, low resistance silicide is formed on gate electrode 107 and 
source/drain regions 106. 

One method of forming a low resistance silicide is a self-aligned silicide 
process known as a SAliCIDE process. In such a process, a refractory metal 
layer 109, such as titanium, timgsten, cobalt, nickel or palladium, is blanket 
deposited over the substrate and MOS devices 102 and 104 as shown in Figure 
IB. The substrate is then heated to cause a reaction between metal layer 109 
and exposed silicon surfaces such as source/drain regions 106 and gate 
electrode 107 to form a low resistance silicide 110 as shown in Figure IC. 
Locations where no silicon is available for reaction, such as oxide spacers 108 
and isolation region 103, metal layer 109 remains unreacted. Unreacted metal 
109 can then be etched away leaving silidde only on source/drain regions 106 
and on gate electrode 107 as shown in Figure ID. 

A problem with the above described process is that circuits fabricated 
with the process are vulnerable to short circuits due to silicide encroachment. 
That is, during the high temperature anneal used to form silicide layer 110 or 
during subsequent anneal steps, silicide can diffuse or spill over from 
polysilicon gate electrode 107 and source/drain regions 106 and form an 
tmdesired silicide bridge 112 over sidewall spacers 108 and cause shorting of 
gate electrode 107 to source/drain region 106. Silidde encroachment is 
further compoimded by siliddes, such as nickel silidde (NiSi), which 
experience silidde volume increases over the combined volume of the 
consumed silicon and metal layer. For example, the reaction of nickd and 
silicon creates a nickel silidde/polysilicon gate electrode layer having an 
approximately 18% voltime increase over the silicon electrode shown in 
Figure lA. As such is shown in Figure IC to silidde 110 reaches above spacer 
108. 
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Silicide encroachment can also cause short circuits between 
source/drain regions of adjacent devices which are separated by planar 
isolation regions. For example, as also shown in Figure IE, as isolation 
regions are made more planar and made more compact (less than A microns 
wide), such as with shallow trench isolation (SH), silicide from adjacent 
transistor source/drain regions 106 can diffuse or spill over isolation region 
103 and cause silicide shorts 114 between adjacent devices. 

In order to help reduce the potential for silicide shorts between 
source/drain regions and gate electrodes, polysilicon layer 107 is formed thick, 
(i.e., greater than 2000A), in order to ensure that silicide 110 has a large 
distance to bridge over spacers 108. Unfortunately, however, by increasing the 
thickness of polysilicon gate 107, the ion implantation technique used to dope 
gate electrode 107 (typically the source/drain implantation) is unable to drive 
dopants sufficiently deep into the electrode 107 to provide a uiuformly doped 
low conductivity gate electrode. When the lower portion (portion near gate 
dielectric layer 101) of the gate electrode has no or reduced doping, the device 
has increased gate resistance which detrimentally affects the drive current. 
Tlus non uniform gate electrode doping is commonly referred to as 
"polysilicon depletion effects". 

w 

Additionally, in order to prevent silicide encroachment, silidde layer 
110 is generally kept thin (i.e., thinner than the thickness of the polysilicon 
gate electrode). It would be desirable to be able to form silicide layers which 
are thicker than the polysilicon layer so that lower resistance electrodes can be 
fabricated and device performance improved. 

Thus, what is desired is a device structure and method of fabrication 
which reduces silicide encroachment as well as poly depletion effects. 


042390.P4222 


-4- 



SUMMARY OF THE INVENTION 

In a first embodiment of the present invention, a semiconductor 
device having a novel spacer structure and its method of fabrication is 
described. According to the first embodiment a semiconductor device having 
an electrode with a first thickness is formed. A silicide layer having a second 
thickness is formed on the electrode. A sidewall spacer formed adjacent to 
the electrode and has a height which is greater than the sum of the thickness 
of the electrode and the thickness of the silidde layer. In another 
embodiment of the present invention, regions of a device which are to 
receive silicide are etched below the top surface of isolation regions prior to 
silicide deposition. In this way silicide regions are formed below the top 
surface of the isolation regions. 
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BRIEF DESCRIPTION OF ^FHE DRAWINGS 

Figure lA is an illustration of a cross-sectional view of a conventional 
CMOS integrated circuit. 

Figure IB is an illustration of a cross-sectional view showing the 
formation of a metal layer over the substrate at Figure lA. 

Figure IC is an illustration of a cross-sectional view showing the 
formation of a silicide layer from the metal layer on the substrate at Figure IB. 

Figure ID is an illustration of a cross-sectional view showing the 
removal of tmreacted metal from the substrate of Figure IC. 

Figure IE is an illustration of a cross-sectional view showing silicide 
encroachment on the substrate of Figure ID. 

Figure 2 is an illustration of a cross-sectional view of a semiconductor 
substrate having silicide regions formed in accordance with the present 
invention. 

Figure 3A is an illustration of a cross^sectional view showing the 
formation of a isolation region in a semiconductor substrate. 

Figure 3B is an illustration of a cross-sectional view showing the 
formation of p type and n type conductivity regions in a semiconductor 
substrate. 
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Figure 3C is an illustration of a cross-section view showing the 
formation of a gate dielectric layer, a polysilicon layer, and a sacrificial layer 
on the substrate of Figure 3B. 

Figure 3D is an illustration of a cross-sectional view showing the 
formation of an intermediate gate electrode on the substrate of Figure 3C. 

Figure 3E is an illustration of a cross-sectional view showing the 
formation of sidewall spacers on the substrate of Figure 3D. 

Figure 3F is an illustration of a cross-sectional view showing the 
formation of recesses and source/drain regions in the substrate of Figure 3E. 

Figure 3G is an illustration of a cross-section view showing the 
removal of the sacrificial layer from the substrate of Figure 3F. 

Figure 3H is an illustration of a cross-sectional view showing the 
formation of a metal layer over the substrate of Figure 3G. 

Figure 31 is an illustration of a cross-sectional view showing the 
formation of silidde regions. 

Figure 4A is an illustration of a cross-sectional view showing the 
formation of semiconductor material onto a semiconductor substrate. 

Figure 4B is an iUvistration of a cross-sectional view showing the 
formation of silidde on the substrate of Figure 4A. 
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A novel device structure and method for preventing silicide 
encroachment is described. In the following description numerous specific 
details are set forth such as specific materials and processes in order to 
provide a thorough understanding of the present invention. In other 
instances well known semiconductor processing techniques and machinery 
have not been set forth in detail in order to not imnecessarily obscure the 
present invention. 

The present invention is a novel device structure and method for 
preventing silicide encroachment in an integrated circuit. In one 
embodiment of the present invention a sidewall spacer is formed adjacent to 
an electrode of a device onto which a silicide layer is to be formed. The spacer 
is fabricated so that it has a height which is greater than the combined 
thickness or height of the electrode plus the silicide layer. In this way the 
spacer extends above the height of the silidded electrode and prevents silicide 
from expanding or diffusing from the electrode and causing shorts with 
adjacent devices or regions. 

In another embodiment of the present invention where isolation 
regions are used to isolate adjacent devices, devices are fabricated in such a 
manner that the isolation region extends above the silidded regions. 
According to this embodiment of the present invention, regioiis which are to 
receive silidde are etched below the top surface of the isolation region prior to 
silidde deposition. In this way, silidde is unable to expand or diffuse over the 
isolation region and cause electrical coupling or shorts between adjacent 


devices. 
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An example of an integrated ciraiit 200 which incorporates the 
structures and methods of the present invention is illustrated in Figure 2. 
Integrated circuit 200 includes a first metal oxide semiconductor device 202 
and a second metal oxide semiconductor device 206 separated by an isolation 
region 204. Each MOS device includes a gate electrode 208 formed on a gate 
dielectric layer 210 which is formed on a first surface 212 of a substrate 214. 
Each gate electrode has a silidde layer 216 formed thereon. Semiconductor 
devices 202 and 206 each also include a pair of sidewail spacers 218 formed 
adjacent to and along opposite sides of the silidded gate electrodes 220 as 
shown in Figure 2. Sidewail spacers 218 extend a spacer height (Tsp) above 
substrate siirface 212. Spacers 218 have a height (Tsp)which is greater than the 
height (Tsg) which the silidded gate electrode 220 extends above substrate 
surface 212 (i.e., Tsp > Tsg). That is, spacer height (Tsp) is greater than the 
sum total of the gate electrode 208 thickness (Tg) and the silidde 216 thickness 
(Ts) (Le., Tsp > Tg + Ts). Spacers 218 preferably extend at least 200A above 
silidded gate electrode 220. Additionally, in an embodiment of the present 
invention, silidde layer 216 can be made much thicker, more than two times 
thicker, than the gate electrode 208. (i.e.,Ts>Tg) In this way gate electrode 
resistance is substantially reduced and poly depletion effects eliminated. 

In another embodiment of the present invention, integrated circuit 200 
utilizes planar isolation regions 204, such as, shallow trench isolation (STI) , 
as shown in Figure 2. A planar isolation region 204 is characterized by the fact 
that the top surface 221 of isolation region 204 is substantially planar with 
substrate surface 212 on which gate dielectric layers 210 are formed. That is, 
the top surface 221 of isolation region 204 extends less than 1500A above 
substrate surface 212. Shallow trench isolation regions are desirable because 
they can be formed planar and compact which dramatically improves device 
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packing density. In the embodiment of the present invention where planar 
isolation regions (e.gv SH) are utilized, source/drain regions 222 are etched or 
recessed prior to depositing silidde 224 on to the source/drain regions. In this 
way, the top stirface 221 of isolation region 204 extends above the top surface 
226 of silicide regions 224. In this way silicide is confined to the source/drain 
regions and is prevented from diffusing or expanding over the isolation 
region 204 and causing short circuits between the source/drain regions 224 of 
adjacent devices 202 and 206. 

An example of a method of fabricating an integrated circuit according 
to methods of the present invention will be described with respect to the 
fabrication of a CMOS integrated circuit. The example describes a method of 
preventing silicide encroachment and thereby preventing shorts between a 
source/drain region and a gate electrode when forming a silicide on the gate 
electrode. Additionally the present example illustrates a method of 
preventing silicide encroachment between source/drain regions of adjacent 
transistors separated by a planar isolation region. The methods described 
herein can be used independently or integrated together to reduce or 
elimiiuite reliability issues associated with silidde encroachment. It is to be 
appredated that the illtistrated method of preventing silidde encroachment 
on a gate electrode is equally applicable to forming silidde layers on other 
electrodes such as but not limited to emitter electrodes of bipolar transistors 
and capadtor electrodes of DRAM cells. Similarly the illustrated method of 
preventing silidde encroachment between source/drain regions of adjacent 
transistors is equally applicable to preventing silidde encroachment over any 
isolation region separating other device regions such as base and collector 
contact regions and hurried interconnects. .The isolation process is espedally 
useful when planar, compact isolation regions are used. 
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According to the present invention a substrate 300, such as shown in 
Figure 3A, is provided. Substrate 300 is generally a senuconductor substrate 
such as but not limited to a silicon substrate, a gallium arsenide substrate, a 
silicon germaiuum substrate, or a silicon on insulator (SOI) substrate. 
Additionally substrate 300 may or may not include additional epitaxial layers 
deposited thereon. Still further substrate need not necessarily be 
semiconductor substrate and can be other types of substrates such as those 
used for flat panel displays. For the purposes of the present invention a 
substrate is defined as a starting material on which devices of the present 
invention are fabricated. 

According to an embodiment of the present invention, an isolation 
region 302 is formed on substrate 300. In order to fabricate high density 
integrated circuits, isolation region 302 is preferably a planar isolation region 
such as a shallow trench isolation (STI). An STI region 302 can be fabricated 
by a well known technique such as by blanket depositing a pad oxide layer 304 
of about lOOA onto surface 301 of substrate 300 and a nitride layer 306 of about 
lOOOA onto pad oxide layer 304. Using standard photolithography and etching 
techniques, an opening can be formed through pad oxide layer 304 and silicon 
nitride layer 306 at locations where isolation regions are desired. Substrate 
300 is then etched to form a trench in substrate 300 with well known 
techniques. Next, a thin (approximately 100-300A) thermal oxide is grown 
witfiin the trench. A fill material, such as silicon dioxide deposited by 
chemical vapor deposition (CVD), is then blanket deposited over silicon 
nitride layer 306 and into the trench. The fill material can then be polished 
back with chemical mechanical polishing until the top surface 312 of isolation 
region 302 is substantially planar with silicon nitride layer 306 as shown in 
Figure 3A. 
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Next, as shown in Figure 3B, silicon nitride layer 306 and pad oxide 
layer 304 are removed with well known techniques to form a shallow and 
compact isolation region 302. Isolation region 302 is said to be a planar 
isolation region when the top surface 312 of isolation region 302 has a height 
(Tiso) which is less than 1500A above substrate surface 301. Additionally with 
the technique described above compact isolation regions having a width of 
less than .4 microns can be fabricated. It is to be appreciated that the use of 
small and planar isolation regions enables the fabrication of high density 
integrated circuits. Although STI regions are preferred, other types of planar 
isolation regions, such as recessed LCXTOS and deep trench isolation may be 
utilized as well as non planar isolation regions, such as LOCOS isolation, if 
desired. 

Next, as also shown in Figure 3B, well known masking and ion 
implementation techniques are used to form a p type region 314 and an n type 
region 316 in substrate 300. 

Next, as illustrated in Figure 3C, a thin, less than lOOA, gate dielectric 
layer 318 such as but not limited to silicon dioxide, silicon nitride or silicon 
oxinitride is formed on surface 301 of substrate 300. A silicon film 320 is then 
deposited over gate dielectric layer 318 as shown in Figure 3C. Silicon film 
320 is generally polycrystalline silicon but may be other forms of silicon such 
as amorphous silicon. Polysilicon layer 320 can be planarized at this time by 
chemicat-mechaiucal polishing. In order to reduce polysilicon depletion 
effects as well as improve photolithography and etch processes, polysilicon 
layer 320 is formed as thin as possible. However, polysilicon layer 320 must be 
formed thick enough to prevent channel doping during subsequent 
source/drain doping. A planarized polysilicon layer having a thickness (Tg) 
of between lOO-lSOOA over substrate surface 301 is suitable. (It is to be n ted 
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that gate thickness Tg over substrate surface 301 includes the nominal 
thickness of gate dielectric layer 318). 

Next, as also shown in Figure 3C, a sacrificial layer 322 is deposited over 
polysilicon layer 320. Sacrificial layer 320 can be any suitable material which 
can be selectively etched with respect to subsequently formed spacers and 
polysilicon layer 320. Sacrificial layer 320 can be for example, a grown or CVD 
deposited oxide layer, a fluorine, phosphorous, or boron doped oxide layer, 
formed by any well known techiuque. Additiorwlly sacrificial layer 320 can be 
a silicon/germanium semiconductor alloy. A silicon/germaiuum 
semiconductor alloy can be formed by a decomposition of SiH2Cl2 and GeH4 
in H2 ambient at a temperature between 500-800*C with 600*C being 
preferred. It is to be appreciated that the thickness of sacrificial layer 322 sets 
the upper limit on the amount of silicide that can be subsequently formed on 
polysilicon layer 320. Sacrificial layer 322 is preferably made thicker than 
polysilicon layer 320 and ideally at least twice as thick. In this way the 
electrode can have a silicide layer which is thicker than the polysilicon layer 
which will allow for the formation of a low resistance electrode. 

Next, as shown in Figure 3D, sacrificial layer 322, polysilicon layer 320 
and gate dielectric layer 318 are patterned with well known photolithography 
and etching techniques to form intermediate electrodes 324. At this time if 
desired, tip regions or lightly doped regions can be formed. For example, well 
known photolithography and ion implantation techruques can be used to 
form n type conductivity tip regions 326 in p type conductivity region 314 and 
p type conductivity tip regions 328 and n type conductivity region 316 in 
alignment with the outside edges of intermediate gate electrodes 324, as 
shown in Figure 3D. 
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Next, a pair of sidewall spacers 330 are formed along op posite sides of 
intermediate gate electrode 324 as shown in Figure 3£. Sidewall spacers 330 
can be formed by any well known method such as by blanket depositing a 100- 
lOOOA thick conformal layer of silicon nitride over substrate 300 and then 
aiusotropically etching the film to form sidewall spacers 330. Sidewall spacers 
330 should be formed of a material which can be selectively etched with 
respect to sacrificial layer 322. Sidewall spacers 330 need not necessarily be 
single material spacers and can be composite spacers such as silicon nitride 
spacers with a thin oxide layer formed adjacent to the intermediate gate 
electrode 324. Sidewall spacers 330 have a height (Jsp) over substrate surface 
301 which is equal to the combined thickness of polysilicon layer 320 (Tg) and 
sacrificial layer 322 (Tsac)- 

Next, if desired, substrate 300 can be etched in alignment with sidewall 
spacers 330 to form recesses 332 as illustrated in Figure 3F. Recesses 332 are 
desirable when planar isolation regions 302 are used to isolate source/drain 
regions of adjacent devices. Recesses 332 can also be used when non planar 
isolation regions are used in order to provide increased margins for 
preventing silicide encroachment over the isolation region. Recesses 332 are 
formed to a depth beneath surface 301 sufficient to keep subsequently formed 
silicide beneath the top surface of isolation region 302. Recesses having a 
depth beneath surface 301 of between 100-lOOOA will generally be sufficient. 
Recesses 332 can be formed by any well known technique such as but not 
limited to reactive ion etching (RIE) with the chemistry comprising C2H6 and 
He at a ratio of 2:1. If a suitable spacer material is used, such as silicon nitride, 
recesses 322 can be formed by over etching into the silicon substrate 300 
during the spacer etch. 
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Next, as illustrated in Figure 3G, sacrificial layer 322 is removed from 
polysilicon layer 320. If sacrificial layer 322 is an oxide, it can be removed with 
a diluted HF solution (50:1 H2O to HP). If sacrificial layer 322 is silicon 
germanium it can be removed with a mixture of NH4OH/H2O2 or sulfuric 
acid (H2SO4). Using a silicon germaiuum sacrificial layer 322 is advantageous 
because silicon germanium can be removed with an etchant which does not 
attack oxides which are generally used to fill STI region 302. 

After sacrificial layer 322 has been removed, n type conductivity 
source/drain regions 331 and p type conductivity source/drain regions 333 can 
be formed as shown in Figure 3G. N type source/drain regions 331 and p type 
source/drain regions 333 can be formed by well known photolithography and 
ion implementation techniques. If polysilicon layer 320 is made as thin as 
practically possible, (i.e., less than lOOOA) the respective source/drain dopings 
will be able to dope the entire thickness of polysilicon layer 320, and thereby 
prevent polysilicon depletion effects. Additionally, by having a thin 
polysilicon layer, low energy (less than 30 Kev) source/drain implant energies 
can be used to form shallow source/drain jimctions, and still ensure complete 
pol3rsilicon doping. It is to be noted, that if desired deep source/drain regions 
331 and 333 can be formed directly after spacer formation in Figure 3E. 
Recesses 332 can then be subsequently etched into the source/drain regions 
331 and 333. 

Next, a silidde layer is formed on polysilicon layer 320 and on 
source/drain regions 331 and 333. In one embodiment of the present 
invention the silidde layers are formed with a self-aligned silidde process or 
SAUCIDE process. In a salidde process, a metal layer 334 is blanket deposited 
over substrate 300 as illustrated in Figure 3H. Metal layer 334 is generally a 
refractory metal such as but not limited to, titanium, tungsten, nickel, cobalt 
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and palladium which can react with silicon to form a low resistance silicide. 
Metal layer 334 can be deposited by any well known technique such as by 
sputtering. 

Substrate 300 is now annealed (heated) to cause a chemical reaction 
between those portions of metal layer 334 which are in direct contact with 
exposed silicon to form a silicide. That is, silicide is formed wherever silicon 
is available to react with metal layer 334 such as over source/drain regions 331 
and 333 and on polysilicon gate electrode 320. Since no silicon is available 
from sidewall spacers 330 or on STI region 302 no silicide forms thereon. 
Substrate 300 is heated to a sufficient temperature and for a sufficient period 
of time in order to initiate the reaction and produce low resistance silicide. 
Substrate 300 can be thermally cycled with well known techniques such as a 
rapid thermal anneal or a furnace anneal. Next, substrate 300 is subjected to a 
etchant which selectively removes the imreactive portions of metal layer 334 
while leaving silicide 336 on polysilicon layer 320 and on source/drain 
regions 331 and 333. 

It is to be appreciated that for preventing silicide encroachment on gate 
electrode 320, metal layer 334 is deposited to a thickness so that after the 
silidde reaction, spacers 330 extend above the formed silidde 336 and thereby 
confine the silidde layer between spacers 330. That is, metal layer 334 is 
deposited to a ^ckness so that after silidde formation the spacer height Tsp 
is greater than the sum of a polysilicon gate thickness (Tg) plus the silidde 
thickness (Ts), (i.e., Tsp > Tg + Ts). Similarly, for preventing silidde 
encroachment over isolation region 302, metal layer 334 is deposited to a 
thickness so that after silidde reaction silidde layer 336 on sotirce/drain 
regions 331 and 333 are beneath the top surface of isolation region 302. That 
is, silidde 336 on source/drain regions 331 and 333 has a hdght less than Tiso 
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over substrate surface 301. In this way silicide 336 is confined to the 
source/drain regions 331 and 333 between spacers 330 and isolation region 
302. 

It is to be appreciated that when volume expanding siliddes are 
utilized, such as nickel silicide, additional margin should be provided to 
enstire that the silicide is imable to expand over spacers 330 and /or isolation 
region 302. The confining techniques of the present invention enable the use 
of volume expanding silicide layers without worrying about silicide 
encroachment problems associated with the prior art. 

In an alternative to forming silidde 336 by a self-aligned process, 
silicide layer 336 can be selectively deposited onto source/drain regions 331 
and 333 and polysilicon layer 320. For example, titanium silicide can be 
selectively deposited onto source/drain regions 331 and 333 and gate electrode 
320 by chemical vapor deposition (CVD) using reactive gasses comprising 
TiCU, SiH2Cl2/ and/or SiH4 with a hydrogen carrier gas at a temperature 
ranging from 600-900**C and a pressure between 5-100 torr. Such a process is 
said to be a selective process becatise it will form silicide only on exposed 
silicon surfaces, such as source/drain regions 331 and 332 and polysilicon gate 
electrode 320 and not on insulative regions such as spacers 330 or SH 
isolation region 302. It is recommended to utilize an HF dip prior to selective 
silicide deposition to ensure complete removal of all native oxide layers 
formed on silicon surfaces. A subsequent high temperature rapid thermal 
anneal can be used to convert the as deposited titanium silidde phase (C49) 
into low resistance phase (C54). 

In a selective deposition process, insignificant amotmts of silicon are 
consumed during the deposition as compared to a salidde process. Since less 
silicon is needed to support the silicide deposition, when a selective silidde 
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process is used polysilicon layer 320 can be formed very thin to further 
decrease poly depletion effects and improve photolithography and etching 
processes. 

It is to be appreciated that it may be desirable to selectively deposit 
semiconductor material prior to silicide formation. For example^ after 
forming sidewall spacers 330 and recesses 332, and removing sacrificial layer 
322 it may be desirable to selectively deposit a semiconductor material^ such as 
silicon germanium, into recesses 332 and onto polysilicon layer 320 as shown 
in Figure 4A. Ion implementation or insitu doping, can be used to dope the 
semiconductor material to the desired conductivity tjrpe and concentration. 
Additionally, a subsequent aimeal step can be used to out diffuse dopants 
from the semiconductor material to form ultra shallow tip regions as 
discussed in U.S. Patent Application Serial No. 08/363,749, filed 12/23/94. 
Additionally depositing additional semiconductor material on source /drain 
regions enables the manufacture of "raised" source/drain regions which 
reduce resistances of the device and improves performance. Silicide 336 is 
then subsequently formed on the deposited semiconductor material 400 as 
shown in Figure 4B. In such a case, the deposited semiconductor material 400 
combines with the previously deposited polysilicon layer 320 to set the gate 
electrode height (Tg). In such a case, sacrificial layer 322 shovdd be made 
sufficiently thick to compensate for the additional volume occupied by the 
deposited semiconductor material 400. 

It is to be appreciated that an advantage of the present method of 
confixung silidde onto an electrode is the fact that it enables thin sidewall 
spacers (less than 300A wide) to be used. In prior art processes, spacers having 
a width of at least 2000A were required to ensure that they provided a 
sufficient gap or distance to prevent silicide encroachment. The use of thin 
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spacers to confine si]icide enables the further scaling of semiconductor 
devices. Additionally thin sidewall spacers allow solid source diffusion to be 
used to form ultra shallow tip regions since dopants have only a short 
distance (less than 300A) to diffuse underneath the gate electrode. Low 
resistance ultra shallow tips allow the fabrication of high performance 
semiconductor devices.- 


Thus, device structures and methods for preventing silicide 
encroachment have been described. 
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